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ALL gases and vapours have a specific refractive index and under suitable conditions its measurement can be made quickly and accurately.
In considering the refractive index of gases it is convenient to regard the refractive index, p., to be the ratio of the velocity of light in vacuo to the velocity of light in the gas such that:
Velocity of light in vacuo Velocity of light in the gas. The velocity of light in the gas will depend on the number of molecules present, that is on its density which will depend on the pressure and temperature. The refractive index will, therefore, also vary with the pressure and temperature, and refractive indices of gases are usually given corrected to 0°C and 760 mm absolute pressure by Figure 1 is a plan view showing the components as they appear from above. Figure  2 is a side view of the same arrangement.
Light from the filament of a motor-car headlamp bulb A, is concentrated on a vertical slit C, by the lens B. From the slit C, light passes through the lens D, where the rays are made parallel, the slit C being at the focal point of the lens D. GG, are two similar square tubes with
inlets HH, and outlets FF,. OVCT the ends of the tubes GG X two optically flat glass plates El are cemented. Both the tubes GG, are gastight and do not communicate with each other. One tube is used to contain the sample gas to be analyzed; the other contains a reference gas whose refractive index is known. The rays of light from D, now parallel, pass through both tubes GG! and their cover glasses El. The rays of hght which have passed through the tube G, now pass through a fixed sloping glass plate J 15 while the rays which have passed through the tube G pass through an exactly similar plate J, which can be rotated so as to alter the angle of slope compared with the fixed plate, by amounts which can be accurately measured. After passing through the plates JT 13 the rays pass respectively through slots LL,, to a lens M, which brings both rays to a focus at N, which is a cylindrical lens, magnifying in the horizontal direction only, where they may be seen by the observer's eye O. Two other beams of light from D pass underneath the tubes GG 13 but not through the glass plates JJ 15 and this light also is observed by the eye at O.
If the hght source at A were monochromatic, the observer at O, would see a field as at figure 3. The horizontal black line is the shadow caused by the bottom wall of the tubes GG t . The vertical black lines B, above the line A, are interference fringes caused by the two beams of hght which have passed through the tubes GG,, and the vertical lines below the line A are interference fringes caused by the beams which have passed underneath the tubes GG,. The formation of the interference fringes is shown diagrammatically in figure 4 . The point A is on the line vertical to and midway between the two slits LL,, and is therefore equidistant from each slit. Rays of hght leaving the two slits are in the same phase; that is a crest leaves L at the same time a crest leaves L, and, the distance LA L,A being the same, will arrive at A also in phase and will reinforce each other causing a bright band.
If the point B, on one side of A, is such that the distance LB is one wavelength less than the distance L,B, the two rays will again reinforce and cause another bright band. Midway between A and B, at C, the difference in path LC-L,C, will be half a wavelength and the two rays will always arrive out of phase; that is a crest of one wave will arrive at the same time as the trough of another and they will extinguish each other, causing a black band. The eye looking through the lens N of figures 1 and 2 will therefore see a series of bright and dark bands.
If now the gas in tube G, is replaced by a gas of different and slightly greater refractive index from that in tube G, the light which passes through tube G, will be retarded, and the rays arriving at the central point A (fig. 4 ) will no longer be in the same phase at that point. They will be in phase with a ray from L, which has taken longer to reach the lens N (figs. 1 and 2), e.g., at point D (fig. 4) . The same reasoning applies to all the interference bands so that the observer will see all the bands above the line A ( fig. 3 ) move over to the left.
The bands below the line A (Fig. 3) have been unaffected by this change of refractive index and stay in their original position. FIG. 3 If the source A (figs. 1 and 2) is not monochromatic but is white light, instead of seeing a field as figure 3 one will see the field as figure 5. On each side of the central bright fringe two well defined black fringes, BB 15 will be seen. The next pair of dark fringes, CC,, will be less well defined and further fringes will be hardly visible. The field tails off on each side in spectrum colours. The different wavelengths comprising white light cause interference fringes at different distances FIG. 4 from the axis and it is only the two central black bands which are clearly denned.
Using white light, when the refractive index of the gas in tube G! (figs. 1 and 2) is increased, the two bands B ( fig. 5 ) move to the left, the two bands B L again are unmoved. By suitably rotating the glass plate J, so that a greater thickness of glass is interposed, the light which has passed through the reference gas tube G, can be retarded by the same amount as the light passing through tube G 15 amount of rotation of the glass plate J one can calibrate this rotation against refractive index change or against the percentage of one gas in the reference gas.
To calibrate in terms of refractive index change, a monochromatic light source, such as a sodium lamp, must be substituted for the motor-car lamp A ( figs. 1 and 2 ). With air in both tubes the black bands in figure 3 are aligned and a reading taken on the dial indicating the amount of rotation of the glass plate J ( figs. 1 and 2) . By moving the dial the bands above A ( fig. 3 ) are moved over one band and again brought into alignment and a reading taken. This is repeated for several succeeding bands and the dial reading plotted against the number of bands. The refractive index change (8/*) which is equivalent to the movement of the dial for one band is:
JL*
Where Sa is the equivalent refractive index change, A is the wavelength, in centimetres of light used. L is the length of the tubes GGi (figs. 1 and 2), again in centimetres. D is the dial reading for the movement of one band. In using a calibration, derived from monochromatic light, when white light is used there is theoretically some error, but this appears to be small for practical purposes.
The refractometer can be calibrated, e.g., for nitrous oxide and oxygen, by mixing up known volumes of the two gases to give a series of known mixtures, then passing the known mixture through the tube G (figs. 1 and 2) while pure nitrous oxide is passed through tube G t ( figs. 1 and 2) . A pure sample of nitrous oxide can be prepared by opening the valve of a nitrous oxide cylinder (held vertically) and very rapidly discharging from the gas phase until the cylinder is covered with frost and the gas is issuing only gently.
The sample flow passed through the tubes GG, (figs. 1 and 2) should not be large enough to cause an increase in pressure in the tubes GGj (figs. 1 and 2) or a false reading will be obtained.
For calibrating the instrument for vapours one can volatilize a known weight of the liquid, e.g., trichloroethylene, into a known volume of the known gas, such as air. The volume-to-volume percentage of the resultant mixture can be calculated from the vapour density of the trichloroethylene. Precautions must be taken to ensure thorough mixing. Apparatus to do this calibration accurately would be rather cumbersome and the technique laborious.
Where the vapour pressure of the liquid is known (and this is easy to measure with accuracy) a simple method is to generate the known mixture by bubbling the reference gas through the liquid held at constant temperatures, and to pass the resulting mixture through one tube while the reference gas is passed through the other.
If the vapour pressure is p and the barometric pressure P, the volume-to-volume percentage will be:
--x 100 per cent
The whole of the saturating vessel should be of glass, since rubber can absorb most anaesthetic vapours and can also give out any vapours with which it has been in contact. The connection from the saturating vessel to the refractometer should also be of metal or glass, though it is possible to use a rubber tube as a sleeve joint.
The temperature required for most anaesthetic liquids to give a concentration in the range used in anaesthesia is usually below zero Centigrade, and the saturating apparatus can conveniently be immersed in alcohol or trichloroethylene cooled with solid carbon dioxide. A wide mouthed thermos jar is useful for containing the cooling liquid and it will hold a steady temperature long enough to make the necessary readings. If at a given temperature a steady reading can be obtained over a range of flows of the order of 10 to 1, it can be assumed that the saturator is giving 100 per cent saturation.
Having found the calibration constant of the instrument for two gases of known refractive index, it is possible to calculate-with reasonable accuracy-the constant for two other gases if their refractive indices are known.
For example, suppose that the refractometer dial reading with carbon dioxide in one tube and nitrous oxide in the other is 0.420 at 15°C and the barometric pressure is 740 mm Hg, the calculation is continued as follows:
The The dial reading for nitrous oxide in one tube and oxygen to the other would therefore be:
2.23 xKT'x 7.0x10' =1.561
In the case of nitrous oxide-carbon dioxide 100 one must multiply the dial reading by = 238 to convert a dial reading to percentage of nitrous oxide in carbon dioxide.
In the case of nitrous oxide-oxygen one must multiply the dial reading by 100
Ho"
= 64 to convert a dial reading to percentage of oxygen in nitrous oxide. Correction to the refractometer constant for barometer pressure and room temperature can be made by the formula:
r, p, Where X /; Pi is the constant at temperature 7\ and pressure P^ and K ti Pi is the constant at temperature T, and pressure P 2 .
The inlet and outlet passages FF 15 HHi and the tubes GGj (figs. 1 and 2) are too small to pass large flows without building up back pressure, so that it is usually necessary to draw only a fraction of the gases requiring analysis through the refractometer tube.
This requirement brings in the possibility of sampling errors. The gases from which the sample is withdrawn must clearly be thoroughly mixed. Little trouble is encountered with gases, but with vapours which are very dense compared with air or oxygen, a spiral strip, or baffle system, may be required to ensure mining before sampling While the refractometer method is rapid and accurate for a mixture of two components, or a mixture of three if the ratio of two of them is constant (Le., air), it is of limited use in analyzing an anaesthetic mixture such as is commonly given.
Even a mixture like nitrous oxide-oxygen-ether would be difficult to analyze with accuracy since any absorbent used to remove the ether would also remove some nitrous oxide. If, as is usually the case, nitrogen, carbon dioxide and water vapour are also present, the analysis becomes virtually impossible.
Such a mixture would be difficult to analyze by any method and it will probably be necessary to wait for the invention of apparatus for the specific analysis of individual gases, such as the magnetic susceptibility apparatus for oxygen and the infrared analyzer for carbon dioxide, before the problem can be satisfactorily solved. The venous return has always been something of a problem to the anaesthetist who spends time in measuring arterial pressures and in considering their significance. But the heart can only expel as much as it receives, and Brecher's monograph on " Venous Return " explains in masterly fashion the importance of this part of the circulatory dynamics.
The section on methods for venous flow measurement contains an account of the high fidelity electronic bristle flowmeter which was used to study venous return directly. Much of the work has been performed on dogs.
Anaesthetists will be particularly interested in the sections on the respiratory pump, the effect of artificial respiration on venous return, and on the venous return during cardiac surgery.
The monograph contains an extensive bibliography and all of the 55 illustrations are carefully designed and clearly executed. No progressive anaesthetist can afford to be without this excellent work.
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